Objective: To investigate the prevalence and the secular trends of obesity in a rural Swedish community with emphasis on the association with socioeconomic status and lifestyle. Conclusions: This study revealed an upward secular trend in the prevalence of obesity in a rural community in Sweden. Increasing levels of education and LTPA limit this ongoing development of obesity. Public health strategies for the prevention of obesity should consider the special condition in rural environments.
Introduction
Obesity is a major public-health issue as it contributes to cardiovascular diseases, type 2 diabetes, cancer, work disability and it may also decrease the quality of life. [1] [2] [3] [4] [5] [6] [7] The environment and the circumstances in life affects the development of obesity in men and women differently. 7, 8 The inverse relationship between socioeconomic status and obesity is well established, and educational level, income and unemployment are associated with obesity, especially in women. [9] [10] [11] [12] Lifestyles are also of importance, as a sedentary leisure-time physical activity (LTPA) is independently associated with obesity, and smokers have a lower body mass index (BMI) compared to non-smokers and former smokers. [13] [14] [15] [16] Over the last two decades, there has been a continuous increase in the prevalence of obesity in the United States, in Great Britain and in other European countries. 7, [17] [18] [19] [20] In the United States, the prevalence of obesity varies by region with the highest prevalence of obesity in the rural areas. [21] [22] [23] The most rapid increase of obesity in Europe has been observed in populations with the lowest socioeconomic status, and obesity is more common in Eastern Europe than in Western Europe. 7, 24 In the beginning of the 1980s, Sweden was a country with a low prevalence of obesity compared to other Western countries; however, the prevalence has since then increased and has reached the same level as in the rest of Europe. [25] [26] [27] The secular trend of BMI and the prevalence of obesity have been well studied in urban areas in Sweden, but less is known about the situation in rural areas. Therefore, the aim of this study was to observe the trend of BMI and obesity in a rural Swedish community over a 25 years period with emphasis on the association with socioeconomic status and lifestyle.
Subjects and methods

The Skaraborg Project
The former Skaraborg County is located in the southwest of Sweden, with approximately 255 000 inhabitants in 2002. The largest city in the county is Skövde with 50 000 inhabitants, while the largest city in the region is Göteborg, 75 km away and has more than 400 000 residents. The Skaraborg area consists of several small municipalities and it is one of the largest farming regions in Sweden. A majority of the residents in Skaraborg are Caucasians and just a few are immigrants from other countries. The Skaraborg Project (SHP) is a study comprising cross-sectional surveys of the population in Skaraborg conducted every fifth year since 1977. 28 Data for this study were collected in the municipality of Vara in Skaraborg with 16 009 inhabitants in 2002. The procedure of each survey is described below.
SHP 1977 and 1982
In both 1977 and 1982, 594 individuals between 25 and 75 of years were randomly selected from the population census register with stratification for age and sex. They were invited to participate in a health survey, and the participants completed a self-administrated questionnaire at home 2 weeks before they were seen for a physical examination at the health-care centre in Vara. The examination was conducted by specially trained nurses and included measurement of weight (to nearest 0.1 kg) and height (to the nearest cm).
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The participation rate was 70% in 1977 and 79% in 1982, respectively. The number of participants between 30 and o60 years old and thus contributing to the current study population was 295 in 1977 and 266 in 1982. SHP 1987 , 1992 In 1987 , 1992 , separate samples correspondingly stratified by sex and age, including a total of 800 subjects between 20 and 64 years from the population in Vara were randomly selected for a postal questionnaire to be completed at home. However, no physical examination was conducted in these surveys and information on body weight and height were self-reported for this study. The participation rates were 78% in 1987, 76% in 1992 and 72% in 1997, respectively. The number of participants between X30 and o60 years contributing to the current study population was 467 in 1987, 438 in 1992 and 425 in 1997, respectively.
SHP 2002
In 2001-2004, a survey included 1811 inhabitants (904 men and 907 women) between 30 and 75 years of age from the community of Vara in Skaraborg. Participants were selected using a random sampling technique stratified by age and sex and they were invited to participate in a health survey including two visits. Self-administer questionnaire was answered by the participants at the study centre, and if necessary with some help from specially trained nurses. Measured weight (to the nearest 0.1 kg) and measured standing height (to the nearest cm) were assessed in light indoor clothes and without shoes. 1 The participation rate was 81% (80 in men and 81% in women). A number of 1475 participants between X30 and o60 years contributed to the present study population. ) and those who were considered obese (BMIX30.0 kg m À2 ).
Subjects
Independent variables
Age was used as a continuous variable, and subjects were further categorized into X30-to o50-to X50-to o60-yearolds. Marital status was categorized as living single or as married/cohabiting (cohabiting with children is not included), respectively. Socioeconomic status was characterized by length of education in years and participants were categorized into one of three groups: short (p9 years, primary school level), medium (10 to o13 years, completed upper secondary school) or a long education (X13 years or more, trained at a college or university). Participants who reported having short length of education were categorized as having a low education, whereas those having medium or long length of education were considered having a high education. Employment status was categorized into gainful employment (includes regular employment, own business and temporary employment), retired, unemployment and others (housewife, student and so on). Employment status was dichotomized into gainful employment (includes Prevalence of obesity in a rural community in Sweden M Nyholm et al regular employment, own business and temporary employment) and not gainful (retired, unemployment and others). Physical activities included both occupational physical activity (OPA) and LTPA. OPA was divided into four categories: sedentary OPA (predominantly sitting, desk worker), light OPA (sitting still or standing, cashier), heavy tool OPA (waiter or postman) and heavy manual OPA (farm work). Participants reporting sedentary OPA were further categorized into low OPA, and those reporting more were considered as having high OPA. 29 LTPA was described and categorized as follows: level 1, reading or sedentary activity; level 2, light ordinary physical activity at least 4 h per week such as gardening, bicycling or walking to work; level 3, regular sports for at least 2 h per week such as running, swimming or tennis; and level 4, regular hard training or participation in competitive sports a couple of times per week. 30, 31 Subjects who participated in light ordinary physical activity and regular sports activities were considered to be physically active during leisure time (levels 2-4), and those reporting a lower level of activity (level 1) were considered to have a sedentary physical activity during leisure time. 32 Participants who smoked daily were considered smokers, whereas those who never smoked and former smokers were categorized as non-smokers.
Statistical methods
Statistical analyses were performed using SPSS/PC version 12.01 statistic as software. 33 Statistical significances in all analyses were assumed at Po0.05, and all tests were twosided. Men and women were analyzed separately. Mean and s.d. were used for descriptive purpose. Proportions were agestandardized using the Vara population of 2002 as standard for the five surveys. 34 An age-cohort period analysis was performed to ensure that the trends of obesity were not a cohort effect. Measured and self-reported weight and height were analyzed separately. Measured data from 1977, 1982 and 2002, respectively, were illustrated by the distribution of mean BMI. The self-reported data from 1987 to 2002 were recalculated by an algorithm developed and validated within this population below to get a corrected BMI (BMI C ).
35
Men : BMI C ¼ À0:202 þ 1:005 Ã BMISR þ 0:014 Ã age:
The differences in mean BMI in the population surveys were analyzed with linear regression models, using BMI as a dependent variable and survey series (coded 1-4 from 1987 to 2002) as independent variable and age as covariate. The differences in proportion of obesity were analyzed with logistic regression models, using obesity as dependent variable and survey series as independent variable with age as covariate. Odds ratio (OR) and the 95% confidence intervals were calculated. Two-way interaction was analyzed, and both additive and multiplicative models were tested. 36 Due to the design with larger sample at 2002, a weighted regression was also performed. Confounding was considered by stratification or by multivariate analyses.
Statement of ethics
In this study, we certify that all applicable institutional and governmental regulations concerning the ethics of human volunteers were followed during this research. The regional Ethical Review Board at the University in Göteborg approved the protocol.
Results
The characteristics in education, LTPA and smoking habits of the study participants by sex, age group and survey are presented in Table 1 . Between 1977 and 2002, there was an increase in the length of education and in LTPA in both men and women (Table 1 ). In 1977-1982, the average mean in measured BMI was 25.9 kg m À2 in this study population, and the prevalence of obesity was 14% in both sexes ( (Table 4 ). In a model controlling for age, education and LTPA, the risk of being obese in 2002 was considerably higher and statistically significant in both sexes; in men OR was 3.08 (1.88-5.03) and in women OR was 2.72 (1.66, 4.44). As seen, influences of both high education and high LTPA were associated with limiting effects on the development of obesity in both sexes (Table 4 ). There were no statistically Table 5 ). The risk of being obese increased significantly in the younger age group (30-49 years) (OR ¼ 1.76 (1.22-2.55)), but not in the older age group (50 to o60 years). The increased risk of obesity was statistically significant across the whole distribution of education; however, there was a higher risk of being obese in 2002 in the higher level of education (OR ¼ 3.56 (1.42-8.89)) than in the lower level of education (OR ¼ 1.67 (1.17-2.38)). In subgroups of LTPA, there was a consistent Differences in age group were tested for trend using logistic regression with survey series as independent variable. b Proportions were standardized using the whole Vara population of 2002 as reference.
c Differences in education, LTPA and smoking habits were tested for trend using linear regression adjusted for differences in age and survey series as independent variable.
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Discussion
The significant findings in the present study were the secular trends in measures of body weight, with statistically significant increases in mean BMI in both sexes, and increases in the proportions with BMI exceeding 30 kg m
À2
. This study also showed that the development of obesity is influenced by changing levels of education and LTPA. The underlying mechanisms may thus be different between rural areas like Vara with a low population density and an agricultural character as compared to urban areas in bigger cities, as may their consequences for public health. The prevention strategies may accordingly have to be modified for rural areas. b Differences in mean BMI were tested for trend using linear regression adjusted for differences in age and survey series as independent variable. c Missing data in BMI (1987, 1992, 1997, 2002) : men (7, 9, 21, 26) and in women (11, 6, 40, 31) .
d Differences in proportion were tested for trend using logistic regression adjusted for differences in age with survey series as independent variable. Abbreviations: BMI, body mass index; CI, confidence intervals; LTPA, leisure-time physical activity; OPA, occupational physical activity. Linear regression models were used with calibrated BMI as dependent variable, and age, sex, socioeconomic factors, lifestyle factors and survey series as independent variables. Socioeconomic and lifestyle factors were dichotomized.
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Strengths and limitations
The strengths of this study are based on its representative population sample, the long observation time and the unchanged instruments for data collection over the study period. In using self-reported data, it is important to apply calibration models with updated information as the trend of increasing obesity will lead to a larger discrepancy between self-reported and measured data by time. 35 Self -reported BMI in this study was calibrated using an algorithm that was recently developed within the same study population. 35 This strategy should support the validity in the corrected BMI.
Similar patterns when using measured BMI and corrected BMI are also supportive. Self-administrated questionnaires are a relative inexpensive method that makes it possible to collect information in large population studies. A major limitation was the lack of information in nutrition and alcohol consumption. Tobacco use was categorized into three alternatives (never, former and current smokers) and not as consumption of tobacco in grams. This may limit the possibility to detect an effect associated between smoking and obesity. Physical activity in the present study was related to both self-rated activity level during leisure time and contained four levels. It was recategorized due to few subjects employing the elite level of LTPA and they were accordingly included in the group with regular physical activity, thus decreasing the variation in this variable. Despite this potential limitation, the associations with the development of obesity were strong and they should still be considered valid.
Relationship to previous work
The prevalence of obesity was twofold higher in both men and women in this rural population already in 1977/1982 compared to the urban area of Göteborg in the same region. 37 The upward trend in both mean BMI and in the prevalence of obesity was higher in this rural community compared to urban areas in the same region and in other areas in Sweden. 25, 26, 37 There was a marked increase in the prevalence of obesity in Vara between 1997 and 2002; this is in accordance with studies from other parts of Sweden and other Nordic countries. 38, 39 These differences between rural and urban populations are in accordance with observations in other countries. 23, 40 In this population, ethnicity, marital status and employment status did not have a major impact on the change of mean BMI between 1987 and 2002. Prevalence of obesity in a rural community in Sweden M Nyholm et al
Information on income and occupation was not obtainable in this study. Increases in levels of education and LTPA in Vara were associated with a limiting effect on the development of obesity, and in a statistical model controlling for the two factors, the risk of developing obesity increased twofold. In a subgroup analysis of LTPA, there were similar trends in both the sedentary and in the physically active group. Other studies have described differences in physical activity between subgroups among rural and urban citizens, by age group and by education level. [41] [42] [43] [44] Rural-urban factors have also been shown to be important predictors of meeting up with recommendations of physical activity. 43, 44 These aspects could, however, not be specifically addressed in our study. The dietary pattern in Vara has not been measured, but still the dietary pattern may be an important factor associated with the high prevalence of obesity. A study from Finland showed different dietary patterns between rural and urban areas, as there were negative correlations with intake of fruit and berries and positively with consumptions of traditional Finnish food such as high intake of milk and butter in the rural areas. 45 The force to develop obesity has been defined as the sum of influences that the surroundings, opportunities or conditions of life have on promoting obesity in individuals or populations. 46, 47 The complexity of such environment that promotes higher energy intake and a sedentary behaviour may be difficult to measure and understand. Although not incorporated in our study, there may exist changes in contextual factors behind the development of, for example, LTPA and education, which are the real driving forces in the obesity epidemic. 47 However, obesity is not a new public health issue in Vara, it has been continuously described in health surveys since the late 1970s together with other health problems in this area. 28 It has now merely again been recognized along with the increasing prevalence of obesity in other parts of Sweden and generally in the Western countries. The obese environment has existed for a long time in this farming region and the influences may also have changed overtime along with the development of infrastructure and service. Future research should focus on the environmental mechanisms that contribute to the high prevalence of obesity to farming regions as Vara. Thus, one will be able to develop successful and effective prevention programs and innovative public health strategies suited for rural populations.
Conclusions
This study comprising high participation rates and measured BMI may indicate that the overall prevalence of obesity in Sweden may be higher than described before. The development of obesity also seems to be higher in rural areas than in urban areas in the same region. The development of obesity is influenced by contemporary trends in socioeconomic factors an in lifestyle. This should be considered when developing innovative public health strategies and effective prevention program suited for rural areas.
